Resumo

O objetivo deste estudo foi analisar a tendência de menções a causas não relacionadas ao HIV/ AIDS em adultos que viviam com esta doença no
According to the Ministry of Health, from 1980 to 2010 there were 241,469 deaths from AIDS in Brazil 1 . The AIDS mortality trend in the country increased until 1996, when it reached 9.6/100,000 inhabitants. Starting that year, the mortality rate declined and then stabilized around some 6/100,000 inhabitants.
At the beginning of the AIDS epidemic, the most frequently recorded causes of death on the death certificate (DC) in persons with HIV/AIDS were opportunistic infectious diseases such as: tuberculosis; candidiasis and other mycoses; toxoplasmosis; pneumonia and other diseases of the respiratory system 2 ; and HIV-related neoplasms.
Since Brazil adopted a policy of universal and free access to antiretroviral drugs in the public healthcare system in 1996, there were changes in the morbidity and mortality profile from AIDS in the country. There was a sharp drop in mortality from AIDS in Brazil, along with an increase in survival, allowing persons infected with HIV to live longer with the virus.
The effects related to the longer co-habitation with the virus and with its co-morbidities along with the adverse effects of antiretroviral therapy made the condition of living with HIV acquire similar characteristics to those of other chronic and degenerative diseases 3 . In addition to the traditional causes, cardiovascular diseases, liver diseases, diabetes mellitus, viral hepatitis, and acute and chronic renal diseases began to be recorded more frequently on death certificates of persons with HIV/AIDS 4 .
Thus, the analysis of AIDS mortality based only on the underlying cause of death presents limitations. The analysis of underlying cause fails to consider other conditions that contribute directly or indirectly to death and that could help understanding the morbidity profile in AIDS mortality in the country.
This study aimed to analyze mortality trends due to causes usually considered unrelated to HIV/AIDS in deaths among adults from 1999 to 2010. The study compared deaths in which HIV/ AIDS was listed on the DC (the HIV group) and deaths with no mention of HIV/AIDS (the non-HIV group). The data were analyzed with the multiple causes of death approach. That is, in addition to the underlying cause of death, defined as the cause that started the chain of events that culminated in death, the study analyzed the related causes, defined as the antecedent causes listed in part I of the death certificate, and the causes that contributed to death but were not directly associated with the underlying cause, listed in part II of the death certificate.
Methods
This was a descriptive trend study analyzing data on deaths notified to the SIM, with a case-control design.
The study analyzed data on deaths in Brazil among individuals 15-69 years of age from 1999 to 2010, notified to the SIM. The decision was made to analyze individuals 15-69 years of age for the following reasons: (i) this age bracket includes nearly 100% of deaths from HIV/AIDS in adults in Brazil and (ii) in individuals 70 years and older the mortality rate from HIV/AIDS decrease considerably when compared to other age groups (unpublished data).
Non-nominal individual data on deaths recorded in the SIM can be accessed on the website of the Information Technology Department of the Unified National Health System (http:// www.datasus.gov.br).
The variables age (15-29, 30-39, 40-49, 50-59, and 60-69 years), gender (male or female), group (HIV or non-HIV), year of death (as a continuous and categorical variable), region of residence, race/color (white or other), place of death (health service versus other), and multiple causes of death (underlying and related causes) were accessed during the analysis.
The analysis aimed to compare trends in listed non-AIDS-related causes of death in the HIV group, consisting of death certificates that mentioned HIV/AIDS in any of the sections (codes B20 to B24, F02.4, R75, Z11.4, Z20.6, Z21, and Z71.7 from the ICD-10) 5 and the non-HIV group, consisting of all other deaths.
The study began by describing the deaths that occurred during the period and verifying the factors associated with listing of HIV/AIDS on the DC through logistic regression, with the group (HIV or non-HIV) as the dependent variable and the following independent variables: gender, age, year of death, region of residence, place of death, and race/color.
The study then analyzed the trends in non-AIDS-related causes. Five analyses were performed in which the dependent variables were defined according to the presence or absence of the following on any line in the DC: (i) cardiovas-cular diseases (I00 to I99, except I46); (ii) diabetes mellitus (E10 to E14), (iii) diseases of the genitourinary system (N00 to N29); (iv) non-AIDSrelated malignant neoplasms (C00 to C80, except sarcoma of Kaposi and malignant neoplasm of uterine cervix); and (v) the set of non-AIDS-related causes, defined as non-AIDS-related malignant neoplasms (C00 to C80, except sarcoma of Kaposi -C46 and malignant neoplasm of cervix uteri -C53), diabetes mellitus (E10 to E14), cardiovascular diseases (I00 to I99, except I46), diseases of the digestive system (K00 to K93), diseases of the genitourinary system (N00 to N99), and external causes (S00 to Y98).
For each condition, the study described factors associated with its listing on the DC, according to group (HIV versus non-HIV), using logistic regressions in which the dependent variable was the presence or absence of the condition and the independent variables were year of death, gender, age bracket, and region of residence.
Finally, the study compared the time trends for non-AIDS-related diseases between the HIV and non-HIV groups, using the standardized mortality odds ratios (SMOR) 6 . This statistic is used to compare mortality between two groups when the data for the denominator are not available to calculate the mortality rate 4, 7, 8 . To use the SMOR, the mortality data should be analyzed as if they were data from a case-control study. Therefore, the current study was structured as follows: (i) cases were defined as deaths with the target cause mentioned; (ii) controls were defined as deaths with no mention of the target cause; (iii) the exposed were defined as deaths listing HIV/ AIDS on the DC (HIV group); and (iv) the unexposed were defined as those not listing HIV/AIDS on the DC (non-HIV group).
To calculate the SMOR, logistic regression models were adjusted 9 in which the dependent variable was defined as the presence or absence of listing of the target cause of death on the DC. The selected covariables were year of death, gender, age bracket, and region of residence. The difference between the time trends in causes of death between the exposed and unexposed was tested by adding an interaction term to the logistic regression equation, consisting of the year of death and the group (HIV or non-HIV).
The analysis used SPSS 16 for Windows (SPSS Inc., Chicago, USA).
Results
From 1999 to 2010, there were 6,120,670 deaths among individuals 15-69 years of age in Brazil. The majority occurred in men, in individuals 60-69 years of age, and in residents of the Southeast region. The HIV group totaled 136,908 deaths, i.e., a mean of 11,400 deaths per year among persons with HIV/AIDS and representing 2.2% of all deaths in the same period. Deaths in the HIV group as compared to the non-HIV group showed 11.6 times higher odds of occurring in healthcare establishments, 10% higher odds of occurring in males, 80% higher odds of occurring in residents of the South as compared to the North of Brazil, and 10% higher odds of occurring in non-white individuals. Mean age at death was 39 years in the HIV group and 49 years in the non-HIV group (Table 1) .
In the HIV group, "non-AIDS-related causes" were listed in 16.6% of the deaths in 1999. This proportion increased to 28.9% in 2010. In the non-HIV group, this indicator varied from 76.4% to 83.2% in the same period. After adjusting for age, gender, and region of residence, the mean annual increase in non-AIDS-related causes in the HIV group was 3.9% (95%CI: 3.5-4.3; p < 0.001) and 4.3% in the non-HIV group (95%CI: 4.3-4.4; p < 0.001). The interaction term was significant (SMOR = 1.011; 95%CI: 1.01-1.02) in the model, showing that the trends in the mortality curves for non-AIDS-related causes were different between the two groups (p = 0.001) and that the increase was greater in the HIV group.
Among non-AIDS-related causes, cardiovascular diseases showed a greater increase in the HIV group compared to the non-HIV group. Listing of cardiovascular diseases increased from 4.3% in 1999 to 8.1% in 2010, with an adjusted mean increase of 3.8% per year (95%CI: 3.2-4.5; p < 0.001) in the HIV group. In the non-HIV group, an increase of 0.4% per year was observed (95%CI: 0.4-0.5; p < 0.001) and the indicator increased from 33.5% in 1999 to 35% in 2010. The interaction term was significant (SMOR = 1.020; 95%CI: 1.01-1.03) in the model, showing that the trends in mortality curves from cardiovascular diseases were different between the two groups (p = 0.001) and that the increase was greater in the HIV group. The odds ratio for listing cardiovascular diseases on the DC in 2010 compared to 1999 was 1.0 (95%CI: 1.0-1.1) for the non-HIV group and 1.7 (95%CI: 1.5-1.9) for the HIV group (Figure 1 ).
In the HIV group, diseases of the genitourinary system were listed in 4.2% of the deaths in 1999, increasing to 9.8% in 2010. In the non-HIV group this proportion increased from 5.2% to 8.7% in the same period. After adjusting for age, gender, and region of residence, the mean annual increase in diseases of the genitourinary system in the non-HIV group was 4.2% (95%CI: 4.1-4.3; p < 0.001) and 5.7% in the HIV group (95%CI: 17.1% during the same period. After adjusting for age, gender, and region of residence, the mean annual increase in non-AIDS-related neoplasms was 5.0% in the HIV group (95%CI: 4.1-6.1; p < 0.001) and 0.5% in the non-HIV group (95%CI: 2.4-2.6; p < 0.001). The interaction term was significant (SMOR = 1.021; 95%CI: 1.01-1.03) in the model, showing that trends in the mortality curves from non-AIDS-related neoplasms were different between the two groups (p = 0.001) and that the increase was greater in the HIV group. The OR for listing of non-AIDS-related neoplasms on the DC in 2010 compared to 1999 was 1.3 (95%CI: 1.3-1.3) in the non-HIV group and 2.0 (95%CI: 1.7-2.4) in the HIV group (Figure 3) . The more frequent listings of non-AIDS-related malignant neoplasms in the HIV group, unlike the non-HIV group, were for neoplasms of the bronchi and lungs, brain, and hepatocellular carcinomas.
In the HIV group, diabetes mellitus was listed in 0.6% of the deaths in 1999, increasing to 1.7% in 2010. In the non-HIV group this indicator increased from 6.1% to 8.3% during the same period. After adjusting for age, gender, and region of residence, the mean annual increase in listing diabetes mellitus was 4.1% in the HIV group (95%CI: 2.6-5.5; p < 0.001) and 2.5% in the non-HIV group (95%CI: 2.4-2.6; p < 0.001). The interaction term was not significant (SMOR = 1.011; 95%CI: 0.997-1.025) in the model, i.e., trends in the mortality curves from diabetes mellitus did not differ between the two groups (p = 0.112).
Discussion
The availability of multiple causes of death in the Brazilian mortality data since 1999 provides an important source of information for a better understanding of the mortality pattern among persons who lived with HIV/AIDS in Brazil. Thus, two similar studies have already been published with the aim of assessing the mortality trend from non-AIDS-related causes in the country. The first study found that among all deaths from 1999 to 2004 4 , the trend in deaths from non-AIDS-related causes, more specifically from cardiovascular diseases and diabetes mellitus, showed a larger increase in the group that also listed HIV/ AIDS on the death certificate. The second study showed that among deaths in children from 1999 to 2007 10 , the trend in deaths from non-AIDS- Odds ratios and 95% confi dence intervals for deaths in individuals 15-69 years of age listing diseases of the genitourinary system on the death certifi cate, by group. Brazil, 1999 Brazil, -2010 related causes remained stable in the group that listed HIV/AIDS on the death certificate, while the trend in AIDS-related causes decreased.
In order to improve and contribute to knowledge on the mortality profile in persons with HIV/AIDS in Brazil, the current study sought to differentiate itself from the previous studies by analyzing deaths among adults and by assessing the trend in deaths from diseases of the genitourinary system and from non-AIDS-related malignant neoplasms, in addition to trends in non-AIDS-related diseases, diabetes mellitus, and cardiovascular diseases.
The study's results confirm that the mortality pattern among adults with HIV/AIDS has changed since the introduction of highly active antiretroviral therapy (HAART). Compared to 1999, the number of deaths listing non-AIDSrelated causes increased more in the group that listed HIV/AIDS on the death certificate when compared to the group not listing HIV/AIDS. Other authors have reported similar results for some time in developed countries 11, 12, 13, 14, 15 .
Considering that the increase in mean age at time of death was significantly greater in the HIV group when compared to the non-HIV group (data not published), it is believed that the aging resulting from the increased survival of patients with AIDS is an important factor in the changing mortality pattern of the adult population with HIV. However, it is also believed that HAART and the long contact with HIV are contributing to the increase in deaths from causes not related to HIV/ AIDS among persons with HIV/AIDS, since these causes displayed a significantly higher proportional increase in the HIV group when compared to the non-HIV group during the study period, even after adjusting for age.
The results also suggest that among non-AIDS-related causes, the trend in the mortality curves from cardiovascular diseases is increasing significantly more in the HIV group when compared to the non-HIV group. These results agree with findings by other authors showing an increase in deaths from cardiovascular diseases in persons with HIV/AIDS since the introduction of HAART 13, 16, 17 .
In addition to the high prevalence of risk factors for cardiovascular diseases such as smoking, arterial hypertension, and elevated triglycerides and VHDL cholesterol among persons with HIV/ AIDS 18 , studies suggest that HAART and the chronic inflammation characterizing HIV infection are associated with greater risk of cardiovascular diseases in persons with HIV/AIDS 19, 20 . Some studies have shown greater risk of cardiovascular events in persons with HIV/AIDS and on HAART as compared to those without treatment 21, 22 . Among the antiretroviral drugs, the protease inhibitors 23 , lopinavir-ritonavir or indinavir 24 , and regimens containing abacavir or didanosine 25 show greater risk of cardiovascular diseases.
In view of the population aging of persons with HIV/AIDS, prolonged use of HAART, long contact with the virus, and high prevalence of risk factors for cardiovascular diseases in this population, several authors have discussed specific approaches to screen and diagnose cardiovascular diseases in persons with HIV/AIDS 26 . However, more research is needed to better elucidate the relationship between HIV, HAART, and cardiovascular diseases. The current recommendations for avoiding cardiovascular diseases in persons with HIV/AIDS are still similar to the recommendations for the general population. Strategies to decrease the risk of cardiovascular diseases in persons with HIV/AIDS should be incorporated into the primary care for these patients.
The trends in mortality curves from non-AIDS-related malignant neoplasms also differ between the two groups; as demonstrated 13, 16 , the increase is greater in the HIV group. Although the incidence of AIDS-related neoplasms has decreased since the introduction of HAART, it is known that non-AIDS-related malignant neoplasms are currently important causes of mortality in persons with HIV/AIDS in the developed countries 13, 14 . The increase in the proportion of deaths from non-AIDS-defining malignant neoplasms in persons with HIV/AIDS can be attributed to: (i) aging of the HIV-infected population; (ii) presence of risk factors such as smoking and alcohol abuse, which present high prevalence among persons with HIV/AIDS 27 ; (iii) immunosuppression caused by HIV 28 , (iv) co-infection with oncogenic viruses 29 ; and (v) the probable oncogenic effect of HAART 30 . In agreement with other studies, 30, 31 , malignant neoplasms of the lungs and hepatocellular carcinoma were more frequent among the HIV group. Preventive measures against these neoplasms could include, for example, cessation of risk behaviors such as alcoholism and smoking, improved screening and diagnosis of neoplasms in persons with HIV/AIDS, screening for infection with hepatitis B and hepatitis C virus, and vaccination of the adult population against hepatitis B. Diseases of the genitourinary system also show a higher proportional increase in the HIV group when compared to the non-HIV group, corroborating findings by other authors 32, 33 . HIV-related nephropathies can be caused by HIV itself or by the adverse effect of nephrotoxic drugs, leading to altered renal function due to the induction of metabolic vasculopathy and direct renal injury 3 . This would explain the significantly greater increase in diseases of the genitourinary system in the HIV group. Among these diseases, renal failure (codes N17 to N19 of ICD-10) play an important role in the increased mortality in the HIV group, since when removing this disease from the analysis of diseases of the genitourinary system, the difference between the curves in the two groups disappears.
This study demonstrated that listing of diabetes mellitus on death certificates has increased over time in the HIV and non-HIV groups. The increase in mortality from diabetes mellitus in the two groups agrees with studies that show an increase in incidence of diabetes mellitus, in the proportion of hospital admission for diabetes mellitus, and in the proportion of deaths from diabetes mellitus in the Brazilian population 34 . Since persons with HIV/AIDS are exposed to the same risk factors as the general population, plus additional metabolic factors specific to HIV and HAART that increase the risk of developing diabetes mellitus, it was expected that mortality from diabetes would increase at a significantly higher rate in the HIV group as compared to the non-HIV group. However, the current study showed no difference between these mortality curves. A possible explanation is that persons with diabetes mellitus usually die from chronic complications of the disease such as cardiovascular diseases and renal failure, which end up being recorded as the causes of these deaths. And since listing of cardiovascular diseases and renal failure on death certificates increased more in the HIV group compared to the non-HIV group, diabetes mellitus may also be increasing at a higher rate in the HIV group compared to the non-HIV group.
The study presents some limitations. First, there are inherent obstacles to the use of data from death certificates, since completing the certificates depends exclusively on the assessment of the attesting physician, which may vary according to school and region, or even according to the understanding of which causes should be listed 35 . In addition, since the study only analyzed vital statistics, it was not possible to assess factors associated with greater mortality risk such as HAART, date of diagnosis, CD4+ count, and presence of other risk factors such as injection drug use, smoking, and alcoholism.
Another limitation relates to the definition of HIV group used in this study. The HIV group only included persons whose DC mentioned HIV/ AIDS. However, a study in Rio de Janeiro estimated that some 30% of deaths in patients known to be HIV-positive failed to mention HIV/AIDS anywhere on the DC 36 , suggesting that the HIV group is underestimated in this study. However, as mentioned by Pacheco et al. 4 in their article's discussion, the mortality rate for deaths that mentioned HIV/AIDS on the DC remained stable over time, in agreement with the mortality data on AIDS in Brazil. Thus, since the study's analysis focused on year of death, it is believed that the underestimation of deaths in the HIV group does not invalidate the results.
In conclusion, this study's results point to a greater increase in mortality from cardiovascular diseases, diseases of the genitourinary system, and non-AIDS-related malignant neoplasms among persons with HIV/AIDS when compared to non-HIV-infected persons. These results suggest that long contact with HIV and HAART play an important role in the occurrence of these diseases. Thus, it is indispensable that the clinical management of these patients includes the prevention, diagnosis, and treatment of such diseases. As other authors have recommended, the results presented here reinforce the need to integrate the care for persons with HIV/AIDS with other public health programs 4 . 
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